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Abstract
7KHSULQFLSDOREMHFWLYHRIWKLVVWXG\LVWRDQDO\]HWKHFRQVXPSWLRQRIIXHOLQ
WKHSRUWLQGXVWU\LQRUGHUWRLGHQWLI\VRPHSRVVLEOHVROXWLRQVRULPSURYHPHQWV
WKDWPLJKW UHGXFHFRVWV7KH LQFUHPHQWRI WKH WRWDORSHUDWLRQFRVWV DQG
HVSHFLDOO\ IXHOKDVDIIHFWHGFRPSDQ\SURILWV WKXV WKLVVWXG\IRFXVHGRQ
LPSURYLQJWKHXWLOL]DWLRQRI LQWHUQDOYHKLFOHVUHGXFLQJWUDQVSRUWDWLRQWLPH
DQGFKDQJLQJSHRSOHVNLOOVLQRUGHUWRDFKLHYHPD[LPXPVDYLQJV
7RILOO WKLVJDSZHDWWHPSWWRHVWDEOLVKHIILFLHQWVLPXODWLRQPRGHOVXVLQJ
WKH:LWQHVV VRIWZDUH LQRUGHU WR LGHQWLI\ WKHRSWLPDO VFHQDULRV IRU WKH
RSWLPL]DWLRQRISRUWRSHUDWLRQV DQG WKHPD[LPDO UHGXFWLRQRI WUDYHOOHG
GLVWDQFHV7KLVUHVHDUFKLVODUJHO\FRQFHUQHGZLWKIRXULPSURYHPHQWVWKH
HPSW\FRQWDLQHUSDUNSURFHVVWKHQHZRSHUDWLRQSDGVGULYLQJVNLOOV
DQGWKHKHDY\OLIW]RQH¶VSRVLWLRQ
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I. Introduction 
7KHSRUW LQGXVWU\KDVEHHQUHFRJQL]HGDVDYLWDOVWHSLQWKHVXSSO\FKDLQ
DQGHIILFLHQWSRUWRSHUDWLRQVDUHFULWLFDO WR LPSURYLQJ IORZ WKURXJK WKH
VXSSO\QHWZRUN7KHFRQWDLQHUWHUPLQDOLVDSODFHZKHUHYHVVHOVDQGH[WHUQDO
ORUULHVFDQEHFRQQHFWHGWRRQHDQRWKHUYLD WKHXVHRIKDQGOLQJHTXLSPHQW
$GGLWLRQDOO\DFRQWDLQHUWHUPLQDOVHUYHVDVDVWRUDJHSODFHIRUFRQWDLQHUVXQWLO
WKHYHVVHORUH[WHUQDOYHKLFOHVFRPHWRSLFNWKHPXS
3RUWVDUHDQLPSRUWDQWSDUWRIWKHHFRQRP\DQGLQGXVWU\RIPDQ\FRXQWULHV
DQGWKH8.LVQRH[FHSWLRQ7KH8.SRUW LQGXVWU\ WKHODUJHVW LQGXVWU\LQ
(XURSH LQKDQGOHGPLOOLRQ WRQVRIFDUJR ,PSRUWVDQGH[SRUWV
UHSUHVHQWRYHURI WKHYROXPHRI%ULWLVKIUHLJKW&RQWDLQHURSHUDWLRQV
KDYHEHHQJURZLQJDWD UDWHRIGXULQJ WKHSDVW WZRGHFDGHVGXH WR
JOREDOWUDGHEHWZHHQODUJHIDFWRULHVDQGFRPSDQLHV
3ULFHHIIHFWVODUJHO\GH¿QHIXHOXVHVWUDWHJLHVDQGFDQEHDOWHUHGE\VSHFL¿F
LPSURYHPHQWVVXFKDV WUDIILFFRQGLWLRQVGULYLQJVNLOOVDQG WKH UHGXFWLRQ
RIGLVWDQFHV LQRSHUDWLRQV$VDFRQVHTXHQFH IXHOFRQVXPSWLRQKDVEHHQ
FRQVLGHUHGPXFKPRUHFDUHIXOO\LQUHFHQW\HDUVLQWKHSRUWLQGXVWU\GXHWRWKH
QRWHGYDULDWLRQVLQRSHUDWLQJFRVWV7KLVPLJKWDIIHFWWKHSUR¿WDQGEHQH¿WVRI
WKHZKROHFRPSDQ\IURPD¿QDQFLDOSHUVSHFWLYH$QHZK\EULGGULYHV\VWHP
IRU57*V5XEEHU7\UHG*DQWU\&UDQHVEDVHGRQQHZWHFKQRORJ\FDQEH
XVHGWRUHGXFHIXHOFRQVXPSWLRQDVZHOODVHQJLQHPDLQWHQDQFHHQJLQHVSHHG
DQGWKHPDLQWHQDQFHRIHOHFWULFDOSDUWV
7KLVUHVHDUFKKDVVHYHUDOREMHFWLYHVSULQFLSDODPRQJZKLFKLVWKHUHGXFWLRQ
LQ WKHSHUFHQWDJHRIIXHOFRQVXPSWLRQDW WKH63RUWV&RPSDQ\LQ WKH8.
7KHVHREMHFWLYHVDUHFKDUDFWHUL]HGE\DYDULHW\RIVFRSHVLQWHUPVRIOD\RXW
GLVWDQFHVWUDYHOOHGRSHUDWLQJWLPHDQGXWLOL]DWLRQRIHTXLSPHQWDVZHOODV
FRVWVDYLQJ7KHREMHFWLYHVDUHPHDVXUDEOHDQGPD\DIIHFWWKHPDLQLQWHUQDO
YHKLFOHVDWWKHSRUWVLJQL¿FDQWO\E\FRPSDULQJWKHFXUUHQWRSHUDWLRQVYHUVXV
WKHSURSRVHGRSHUDWLRQ
=KDQJHWDOS
+RXVHRI&RPPRQV7UDQVSRUW&RPPLWWHHS
%ULWLVK3RUW$VVRFLDWLRQ
*RRGZLQHWDOS
)UHLJKW,QGXVWU\7LPHV
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II. Literature Review
1. Port’s optimization at the container port
$PDMRUFRQFHUQLQWKHSRUWLQGXVWU\KDVEHHQWKHLQFUHPHQWRIWKHQXPEHU
RIFRQWDLQHUV WKDW LQWHUQDOYHKLFOHVKDYH WRKDQGOH LQRUGHU WRRSWLPL]H
WKHSRUW¶VSHUIRUPDQFH:KHQFRQWDLQHU WUDIILF LQFUHDVHVDV WKH UHVXOWRI
LQWHUQDWLRQDOWUDGHEHWZHHQFRPSDQLHVFRQJHVWLRQLQWKHLQWHUQDORSHUDWLRQV
LQWKHSRUWLQFUHDVHVDVGRHVWKHGHPDQGIRUWKHKDQGOLQJHTXLSPHQW2YHUWKH
SDVW\HDUVWKHWUDQVSRUWDWLRQRIFRQWDLQHUVIRUJHQHUDOFDUJRKDVLQFUHDVHG
UDSLGO\
,Q DQHZFRQWDLQHU WHUPLQDO WKH V\QFKURQL]DWLRQRI LQWHUQDO YHKLFOHV
DQGKDQGOLQJHTXLSPHQWPLJKWKHOS WR VPRRWK LQWHUQDORSHUDWLRQV7KLV
V\QFKURQL]DWLRQEHWZHHQWKHYHVVHOVDQGWKHVWRUDJHRIWKHFRQWDLQHUVPLJKW
UHGXFHODQGWUDQVSRUWDWLRQWUDI¿FWRWKHSRUWDQGPLJKWDOVRVDYHUHVRXUFHV
LQFOXGLQJIXHODQGODERU
7KH UDSLG VWRUDJHDQG UHWULHYDORI FRQWDLQHUV LQSRUWRSHUDWLRQV FRXOG
LPSURYHHFRQRPLFSHUIRUPDQFHLIWKHVWRUDJHWLPHLVUHGXFHGWKHSRVVLELOLW\
RIUHDOORFDWLQJFRQWDLQHUVLVDOVRUHGXFHG7KHUHDOORFDWLRQRIFRQWDLQHUVPD\
LQFUHDVHWUDIILFDVZHOODVRSHUDWLQJFRVWV LQFOXGLQJPDLQWHQDQFHIXHODQG
ODERU$GGLWLRQDOO\WKHHI¿FLHQF\RIWKHFRQWDLQHUWHUPLQDOPLJKWEHUHGXFHG
DVWKHUHVXOWRILQFUHDVHGWUDQVSRUWDWLRQFRVWVDQGUHGXFHGSURGXFWLYLW\
7KH RSWLPL]DWLRQ RI SRUWV LQYROYHV D YDULHW\ RI RSHUDWLRQDO DVSHFWV
LQFOXGLQJDSSURSULDWHFRQWDLQHUFUDQHVFKHGXOLQJSODQQLQJRSWLPL]DWLRQ
WKHV\QFKURQL]DWLRQRI LQWHUQDOYHKLFOHVDQG WKHDOORFDWLRQRI UHVRXUFHV
7KHRSWLPL]DWLRQDWSRUWVPD\HQWDLO WKHDOWHUDWLRQRID ODUJHQXPEHURI
LQWHUQDOSURFHVVHVLQRUGHUWRDFKLHYHLWVREMHFWLYHVLQWHUPVRIHI¿FLHQF\DQG
SURGXFWLYLW\WKLVLVZK\SRUWVKDYHPD[LPL]HGWKHLUVSDFHDQGWKHSURWRFROV
IRU WKH LQWHUQDO KDQGOLQJRI WKHLU YHKLFOHVZLWK WKHXOWLPDWHREMHFWLYH
RI LQFUHDVLQJSURILW2QHRI WKHPRVWFULWLFDODVSHFWV LQ WKLV UHJDUG LV WKH
DOORFDWLRQRIFRQWDLQHUVDW VWRUDJHD IDFWRU UHOHYDQW WR WKH IXUWKHUDQFHRI
DWWHPSWVDWSRUWRSWLPL]DWLRQ7KLVSUREOHPFDQEHGLYLGHGLQWRWZRGLIIHUHQW
VWDJHVWKH¿UVWLQYROYHVWKHQXPEHURIFRQWDLQHUVSODFHGDWHDFKVWRUDJHEORFN
GXULQJDVSHFL¿FSHULRGRIWLPHDQGWKHVHFRQGLVWKHQXPEHURIFRQWDLQHUV
&RUGHDXHWDOS
&RUGHDXHWDOS
%D]]D]LHWDOS
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LQYROYHGLQHDFKYHVVHODWHDFKEORFNRYHUDVSHFL¿FSHULRGRIWLPH
7KHRSWLPL]DWLRQRISRUWVLQYROYHVWKHLPSOHPHQWDWLRQRIYDULRXVPHDVXUHV
WR LQFUHDVH SURGXFWLYLW\ DQG UHGXFH FRVWV%\ HYDOXDWLQJ WKH QXPEHUV
RI ORDGHGDQGGLVFKDUJHGFRQWDLQHUV WKLVPHDVXUHFDQEHXVHG WRDVVHVV
WKHVSHHGRIFDUJRPRYLQJEHWZHHQ WKHTXD\VLGHDQG WKHFRQWDLQHU\DUG
$GGLWLRQDOO\WKHFDSDFLW\RIFDUJRPRYHGSHUKRXURURYHUDVSHFL¿HGSHULRG
RI WLPHUHSUHVHQWVDQRWKHUPHDVXUHIRU WKHRSWLPL]DWLRQRISRUWRSHUDWLRQV
XVLQJLQWHUQDOYHKLFOHVDQGKDQGOLQJHTXLSPHQW7KHVHW\SHVRIPHDVXUHV
GHSHQGRQWKHTXDOLW\DQGTXDQWLW\RIWKHKDQGOLQJHTXLSPHQWDQGWKHUHOHYDQW
LQIUDVWUXFWXUHWKHFRUUHFWDVVLJQDWLRQRIKDQGOLQJHTXLSPHQWPLJKWLPSURYH
WKHTXDOLW\RISRUWVHUYLFHVE\UHGXFLQJXQQHFHVVDU\FRVWVVXFKDVH[WUDODERU
H[FHVVLYHIXHOFRQVXPSWLRQDQGH[WUDWLPHLQWKHYHVVHOVFKHGXOHV
$YDULHW\RISUREOHPVKDYHEHHQDVVRFLDWHGZLWK WKHSRUWRSWLPL]DWLRQ
HIIRUWWKHVHSUREOHPVODUJHO\FHQWHUDURXQGLQWHUQDOYHKLFOHVLQIUDVWUXFWXUH
SODQQLQJVSDFHDQGWLPHVFKHGXOHV7KH+RQJ.RQJ,QWHUQDWLRQDO7HUPLQDO
KDVEHJXQWRH[SHULPHQWZLWKVRPHLVVXHVLQYROYHGZLWKPDVVLYHFRQWDLQHU
YROXPHVDQGOLPLWHGDYDLODEOHVSDFHLQUHVSRQVHWRDQLQFUHDVHLQWKHYROXPH
RIFRQWDLQHUVPRYHGDWIURP7KHHIIRUWWRRSWLPL]HWKHSRUWVLV
EDVHGRQWKHFLUFXODWLRQRIWKHFRQWDLQHUVEHWZHHQWKHTXD\VLGHWKHFRQWDLQHU
\DUGDQGWKHJDWHV WKHHIILFLHQWIORZRIFRQWDLQHUVXVLQJLQWHUQDOYHKLFOHV
DQGKDQGOLQJHTXLSPHQWZLOO LQFUHDVHERWKSURGXFWLYLW\DQGVHUYLFHTXDOLW\
7KHFRQJHVWLRQRIWKHYHKLFOHVDW+RQJ.RQJ7HUPLQDOKDVDIIHFWHGWKHÀRZ
RIFRQWDLQHUVDQGWKHSURGXFWLYLW\DVDUHVXOWRILQFUHDVHGZDLWLQJWLPHZLWK
UHJDUGWRWKHFUDQHVDQGH[WHUQDOYHKLFOHV
2. Fuel consumption at the port industry
$Q LPSRUWDQW UHVRXUFHXVHGE\HTXLSPHQW DW WKHSRUWV IXHO KDVEHHQ
FRQVLGHUHGDQHVVHQWLDOSDUWRIWKHSURFHVVIRUKDQGOLQJRSHUDWLRQVE\XVLQJ
LQWHUQDOYHKLFOHV&RQVXPSWLRQRI IXHO LVQHFHVVDU\DW WKHSRUW LQGXVWU\
KRZHYHULW LVRQHRIWKHPRVWH[SHQVLYHUHVRXUFHVDORQJZLWKPDLQWHQDQFH
W\UHVDQG,7V\VWHPV7KHWRWDOIXHOFRQVXPSWLRQFRVW LVEHWZHHQDQG
RI WKH WRWDOFRVWRIRSHUDWLRQVDQGDQ\YDULDELOLW\RI IXHOZLOOEULQJ
¿QDQFLDOEHQH¿WVLQRSHUDWLRQVDQGWUDQVSRUW
%D]]D]LHWDOS
3RLWUDVHWDO
0XUW\HWDOS
5HQWRNLO,QLWLDO
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3ULFHLVDVLJQL¿FDQWLVVXHLQ¿QDQFLDOWHUPVLIWKHUHLVDVPDOOYDULDELOLW\
WKHRSHUDWLQJFRVWFRXOGFKDQJHUDSLGO\GXHWR WKHQXPEHURI OLWHUVRIIXHO
FRQVXPHGDWWKHSRUWLQGXVWU\7KHHIIHFWRIWKHSULFHGH¿QHVWKHVWUDWHJ\RI
XVLQJIXHOE\FRPELQLQJVSHFLILF LPSURYHPHQWVVXFKDV WUDIILFFRQGLWLRQV
GULYLQJVNLOOVDQGUHGXFWLRQRIGLVWDQFHVLQRSHUDWLRQV
7KHSRUW LQGXVWU\ LQYHVWVKXJHDPRXQWVRIPRQH\ LQ ,7 V\VWHPVZLWK
WKHREMHFWLYHRIRSWLPL]LQJUHVRXUFHVVXFKDVSHRSOHHTXLSPHQW IXHODQG
SURFHVVHV%\XVLQJDQ,7V\VWHPWKHSRUWLQGXVWU\LVDWWHPSWLQJWRLPSURYH
WKHFRQVXPSWLRQRIUHVRXUFHVVXFKDVIXHO%HWWHU IXHOHIILFLHQF\KDVEHHQ
DFKLHYHGE\FRPELQLQJWHFKQRORJLFDOPHDVXUHVVXFKDVGLVWDQFHV WUDYHOOHG
RSHUDWLRQWLPHDQGFRQVXPSWLRQRIIXHOZLWKWKHREMHFWLYHRIWKHVHPHDVXUHV
REWDLQLQJDJUHDW LPSURYHPHQW LQ IXHOFRQVXPSWLRQRSHUDWLRQVDQG&2
HPLVVLRQVDW WKH WUDQVSRUW V\VWHP$GGLWLRQDOO\ WKHUHDUHRWKHUDVSHFWV
WKDWSRUWVPXVWFRQVLGHU LQRUGHU WRUHGXFHIXHOFRQVXPSWLRQDQGLPSURYH
RSHUDWLRQV7KHQXPEHURIYHKLFOHVWKHWRWDOQXPEHURINLORPHWHUVWUDYHOOHG
DQGFRQVXPSWLRQRIIXHOEDVHGRQWLPHDQGGLVWDQFHVDUHDVSHFWVWKDWFDQOHDG
WRDEHWWHUSHUIRUPDQFHLQWHUPVRIWKHIXHOFRQVXPHGLQDVSHFL¿FWLPHDQG
WKHUHIRUHDQLPSURYHPHQWLQFRVWSUR¿WSHUIRUPDQFH
,QQRYDWLRQKDVKHOSHG WRDFKLHYHDKLJKHUSURILOHRIIXHOFRQVXPSWLRQDW
WKHSRUW LQGXVWU\0DQXIDFWXUHUVRIKDQGOLQJHTXLSPHQWKDYHGHYHORSHGD
QHZFRQFHSWIRU LPSURYLQJWKHFRQVXPSWLRQRIIXHO7KHK\EULGGULYH LVD
FRPELQDWLRQRIIXHODQGHOHFWULFLW\%\FRPELQLQJWKHVHWZRW\SHVRIHQHUJ\
WKHUHGXFWLRQRIIXHODW WKHSRUW LQGXVWU\ LQFUHDVHVGXH WR WKHFRQVWUXFWLRQ
DQGGHVLJQVRIVPDOOHUHQJLQHV$GGLWLRQDOO\WKHQHZJHQHUDWLRQRIVWUDGGOH
FDUULHUVDQGLQWHUQDOYHKLFOHVFRXOGLQFUHDVHWKHSURILWRIHDFKRSHUDWLRQE\
UHGXFLQJIXHOFRQVXPSWLRQE\
7KHUHDUHVHYHUDORSWLRQVWKDWFRQFHUQWKHSRUWLQGXVWU\UHJDUGLQJWKHFRVW
RI IXHO WKHSRUWRSHUDWLRQVDUH WU\LQJ WR LPSOHPHQWEDVLF LPSURYHPHQWV
RQ WKLV LVVXHKRZHYHU LW LVVRPHZKDWFRPSOH[GXH WR WKHQXPEHURI MREV
LQYROYHG&DUU\LQJH[WUDZHLJKWPDLQWDLQLQJWKHFRUUHFWW\UHSUHVVXUHDQGWKH
VDPHVSHHGVWRSSLQJEUHDNLQJKDUGXVLQJUHDVRQDEOHDFFHOHUDWLRQGULYLQJ
ZKHQQHFHVVDU\DQGPDLQWDLQLQJ  WKHYHKLFOHZHOODUHHVVHQWLDOSRLQWV IRU
WKHUHGXFWLRQRIIXHOFRQVXPSWLRQ)LQDOO\WKHPRVWLPSRUWDQWFRQVLGHUDWLRQ
*RRGZLQHWDOS
%DQLVWHUS
5HQWRNLO,QLWLDO
:LMOKXL]HQDQG-XOLDOHLS
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UHJDUGLQJIXHOFRQVXPSWLRQ LV WKHFRPELQDWLRQRI WKHQXPEHURI MREVDQG
GLVWDQFHVWUDYHOOHGWKLVIDFWRUFRQFHUQVWKHDVVLJQLQJRIWKHQHDUHVWMREDIWHU
DQ LQWHUQDOYHKLFOHKDVILQLVKHG WKHSUHYLRXVRQH7KHFRPELQLQJRIVPDOO
WULSVDUHRQHRIWKHVROXWLRQVWRUHGXFLQJGLVWDQFHVDQGLQFUHDVLQJWKHQXPEHU
RI MREV WKLVZLOOKHOS WKHFRQVXPSWLRQRIIXHO LQRUGHU WR LPSURYHWKHJDV
PLOHDJH
$VDUHVXOW WKHFRQVXPSWLRQRIIXHOKDVEHHQPRUHFRQVLGHUHGDW WKHSRUW
LQGXVWU\GXHWRWKHYDULDWLRQRIWKHRSHUDWLQJFRVW7KLVFRXOGDIIHFWWKHSUR¿W
DQGWKHEHQH¿WVRIWKHZKROHFRPSDQ\LQ¿QDQFLDOWHUPV
3. Operations modeling at the port industry
$JUHDWGHDORI UHVHDUFKKDVEHHQFRQGXFWHG LQWR WKH LPSURYHPHQWRI
SRUWRSHUDWLRQVDQGVRPHRIWKLVUHVHDUFKKDVXWLOL]HGWHFKQRORJLHVVXFKDV
,7V\VWHPVDQGVLPXODWLRQVRIWZDUH0RGHOLQJDQGVLPXODWLRQKDYHEHHQ
UHFRJQL]HGE\WKHSRUWLQGXVWU\LQUHFHQW\HDUVZLWKWKHSXUSRVHRIH[SORLWLQJ
WKHPD[LPXPFDSDFLW\RIUHVRXUFHVVXFKDVSHRSOHYHKLFOHVDQGKDQGOLQJ
HTXLSPHQW7KHVHW\SHVRIDSSURDFKHVPD\DOORZWKHFRPSDQ\WRFRPSDUH
GLIIHUHQWPHDVXUHVYLD WKHDSSOLFDWLRQRIVHYHUDORSHUDWLRQVDQGUHVRXUFHV
6LPXODWLRQVPD\GHVFULEHDQGPRGHOYDULRXV VFHQDULRV WKDWFDQSURYLGH
LQVLJKWVLQWRSURFHVVEHKDYLRUV$GGLWLRQDOO\WKHVHW\SHVRIVLPXODWLRQVKDYH
UHGXFHGLPSOHPHQWDWLRQFRVWVRZLQJWRWKHQXPEHURILPSURYHPHQWVVWXGLHG
SULRUWRWKHRFFXUUHQFHRIDQ\SK\VLFDOFKDQJHVWRWKHFXUUHQWSURFHVV
2YHU WKHSDVW\HDUV UHVHDUFKLQ WKLVDUHDKDV LQFUHDVHGLQUHVSRQVHWR
UDSLGLQFUHDVHVLQFRQWDLQHUSURGXFWLYLW\7KHSRUWRI+DPEXUJLQ*HUPDQ\
DQG WKH(XURSH&RQWDLQHU7HUPLQDO LQ5RWWHUGDPHYLGHQFHDKLJK OHYHO
RISHUIRUPDQFHDV WKHFRQVHTXHQFHRI WKH LQWURGXFWLRQRIVWDWHRIWKHDUW
DXWRPDWLRQ ,QDGGLWLRQ WKHVHSRUWVDVZHOODVRWKHUVKDYHFRQWLQXDOO\
LQWURGXFHGQHZWHFKQRORJLHVDQGEHHQRSHQWRFRQWLQXRXVLPSURYHPHQWV
7KH DUWLFOH ³$6LPXODWLRQ0RGHO RI 3RUW2SHUDWLRQV GXULQJ&ULVLV
&RQGLWLRQV´DVWXG\RIVHYHUDO86SRUWVGHVFULEHVDVLPXODWLRQPRGHOWKDW
PLJKWUHGXFHGLVUXSWLRQVLQWKHVXSSO\QHWZRUNLQGXFHGE\H[WHUQDOFRQGLWLRQV
VXFKDVQDWXUDOFDWDVWURSKHVRUWHUURULVWDWWDFNV7KHPRGHOZDVEXLOWXVLQJWKH
3UR0RGHOVLPXODWRU7KLVVWXG\FRQWDLQVDVWDWLVWLFDODQDO\VLVFRQGXFWHGWR
:HLQJHU
2QXWDQG6DJODPS
=KXHWDOS
233
Fuel Consumption within Cargo Operations at the Port Industry
HYDOXDWHUHOHYDQWYDULDEOHVVXFKDVOHDGWLPHVRSHUDWLRQDOWLPHVDQGGHOD\V
,Q LQWHUQDWLRQDO WUDGH VPDOODQGPHGLXPVL]HGSRUWVDUHEHFRPLQJDQ
LPSRUWDQWSDUWRIWKHVXSSO\QHWZRUNVHUYLQJDVORFDOORJLVWLFDOQRGHV6RPH
RIWKHPDUHVLWXDWHGVWUDWHJLFDOO\WRVXSSO\VSHFL¿FUHJLRQVZLWKDKLJKOHYHO
RIHFRQRP\WKLVLVZK\VPDOODQGPHGLXPSRUWVKDYHEHHQLQYHVWLQJLQQHZ
UHVRXUFHVDQGIDFLOLWLHVZLWKWKHREMHFWLYHRILQFUHDVLQJHI¿FLHQF\YLDWKHXVH
RIVLPXODWLRQPRGHOV$GGLWLRQDOO\VLPXODWLRQVFDQIDFLOLWDWHWKHDVVLJQDWLRQ
RIHTXLSPHQWDQGOD\RXWSODQQLQJ$VLPXODWLRQPRGHOPD\EHXVHGWRGHYLVH
WKHEHVWZD\VRILQYHVWLQJLQWKHSURSHUUHVRXUFHVSURFHVVHVDQGHTXLSPHQW
ZKLFKLVYHU\LPSRUWDQWIRUVPDOODQGPHGLXPSRUWVZKLFKODFNWKHNLQGRI
ILQDQFLDOPXVFOHIRXQGLQ ODUJHUSRUWVSURSHUDOORFDWLRQRIUHVRXUFHV LVDOO
WKHPRUHLPSRUWDQW WKHQIRU WKHVHVPDOOHURSHUDWLRQV6ROYLQJSUREOHPV
UDSLGO\ DQG HIIHFWLYHO\ DW VPDOO DQGPHGLXPVL]HGSRUWVKDV LPSURYHG
HI¿FLHQF\VSHFL¿FDOO\YLDWKHXVHRIVLPXODWLRQSURJUDPVLQDGGLWLRQWRDFWXDO
H[SHULHQFH7KLVDSSURDFKPD\LPSURYHWKHXVHRIKXPDQUHVRXUFHVYHKLFOHV
IORZRIJRRGVDQG LQIRUPDWLRQIORZDVZHOODV LPSURYLQJ WKHFRPPHUFLDO
RSSRUWXQLWLHVDYDLODEOHIRUORFDOH[SRUWHUVDQGLPSRUWHUV
)LQDOO\SRUWVKDYHEHHQDQDO\]LQJSURGXFWLYLW\VLWXDWLRQVLQWKHLUHIIRUWVWR
LGHQWLI\WKHSULQFLSDOSUREOHPVVXUURXQGLQJWKHÀRZRIPDWHULDOVERWWOHQHFNV
XVLQJKLVWRULFDOGDWD+RZHYHUSRUWVKDYHDOVRUHFHQWO\DWWHPSWHGWRLPSURYH
WKHLULQWHUQDORSHUDWLRQVE\FRPELQLQJWKHDIRUHPHQWLRQHGKLVWRULFGDWDZLWK
VLPXODWLRQSURJUDPVRZLQJWRWKHQHFHVVLW\IRUFRQWLQXRXVLPSURYHPHQWRI
WKHLQWHUQDOWUDQVSRUWRIFRQWDLQHUV
III. Current Fuel Consumption within Cargo Operations
at S Port Company
1. Current situation
'XULQJWKHODVW WZHOYHPRQWKVIURP-XQHWR0D\DFRPSDQ\
6KDVFRQVXPHGDODUJHDPRXQWRIIXHOIRULQWHUQDOYHKLFOHVLQDWWHPSWLQJWR
LPSURYHFXVWRPHUVDWLVIDFWLRQDQGRSHUDWLRQVSURFHVVHV7KHSRUW LQGXVWU\
0DUWDJDQS
6FKPLGWS
6FKPLGWS
6KDPPRRQ
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HPSOR\VVSHFLDODQGKHDY\KDQGOLQJHTXLSPHQWIRU WKH WUDQVSRUWRIKHDY\
FRQWDLQHUVDQGJHQHUDOFDUJRKRZHYHUWKHVHLQWHUQDOYHKLFOHVPXVWFRQVXPH
ODUJHDPRXQWVRIIXHOWRFRPSOHWHWKHQXPEHURIMREVDVVLJQHG
&RPSDQ\6¶IXHOFRQVXPSWLRQIURP-XQHWR0D\ZDVPHDVXUHG
DWOLWHUVRIIXHOFRQVXPHGE\LQWHUQDOYHKLFOHVVXFKDVVWUDGGOH
FDUULHUV WXJPDVWHUV OLIWWUXFNVDQGKDQGOHUV%DVHGRQWKHDYHUDJHPDUNHW
SULFHDQGFXUUHQWDJUHHPHQWVEHWZHHQWKHFRPSDQ\6DQGVXSSOLHUVWKHFRVW
RIIXHOLQWKH\HDUUHIHUHQFHGZDVURXJKO\
6WUDGGOHFDUULHUVDUH WKHPRVW LPSRUWDQWYHKLFOHVDW WKLVFRPSDQ\DQG
DFFRXQWHGIRUDSSUR[LPDWHO\RI WKH WRWDO IXHOFRQVXPSWLRQ2WKHU
LQWHUQDOYHKLFOHVFRQVXPHGRIWKHWRWDOIXHOKRZHYHUDORQJZLWKWKH
VWUDGGOHFDUULHUVWKHHQWLUHW\RIIXHOFRQVXPSWLRQDWWKHSRUWZDV¿QDQFLDOO\
HQRUPRXV
$VDFRQVHTXHQFHRI WKLVH[FHVVLYHFRQVXPSWLRQRI IXHOFRPSDQ\6 LV
DWWHPSWLQJ WRDFKLHYH LPSURYHPHQWVEDVHGRQ OD\RXWGLVWDQFHV WUDYHOOHG
PDLQWHQDQFHSURFHGXUHVDQGW\SHVRI MREVGRQHE\LQWHUQDOYHKLFOHV LQDQ
RYHUDOOHIIRUWWRUHGXFHIXHOFRQVXPSWLRQ
2. Factors of consumption for SC, TM, and ECH24)
7RDFKLHYHWKHREMHFWLYHRIWKLVVWXG\ZHIRFXVHGRQKLVWRULFGDWDVXFKDV
IXHOFRQVXPSWLRQDQGRSHUDWLQJ WLPHV7KHVH WZRYDULDEOHVDUHQHFHVVDU\
WRFDOFXODWH WKHIXHOFRQVXPHGRYHUDVSHFLILFSHULRGRI WLPH ,QDGGLWLRQ
WKLVTXDQWLW\ZLOO EHXVHG IRU FRPSDULVRQVRI WKH FXUUHQW VWDWH DQG WKH
LPSURYHPHQWVUHDOL]HGE\XVLQJ6&70	(&+7KHIDFWRUZDVFDOFXODWHG
XVLQJGDWDFROOHFWHGGXULQJWKHVDPHSHULRGRIWLPHLQWKHFXUUHQWVWDWH WKH
DYHUDJHIXHOFRQVXPSWLRQLQWHUPVRIOLWHUVRIIXHODQGWKHDYHUDJHRSHUDWLQJ
WLPHLQKRXUV7KHVHGDWDZHUHFDOFXODWHGIRU6&70DQG(&+ZKLFKDUHWKH
LQWHUQDOYHKLFOHVDQDO\]HGLQFRPSDQ\6¶RSHUDWLRQV
7KHUHOHYDQWFKDUDFWHULVWLFVRI WKHFRPSDQ\FDQEHGHWHUPLQHGXVLQJGDWD
DFTXLUHGIURPDGYDQFHG,7V\VWHPVUHJDUGLQJLQWHUQDOHTXLSPHQW+RZHYHU
WKHFRPSDQ\GLGQRWFROOHFWGDWDVXFKDVIXHOFRQVXPHGIRUVSHFL¿FGLVWDQFHV
WUDYHOOHGIRUDORQJWLPH)RUWKLVUHDVRQRXUFDVHIRFXVHGRQIXHOFRQVXPHG
RYHUDVSHFL¿FSHULRGRIWLPHRSHUDWLQJWLPH
7KHIROORZLQJFDOFXODWLRQVH[SODLQWKHFRQVXPSWLRQRIIXHORYHURSHUDWLQJ
WLPH7KLVPHDQV WKDW RXU IXHO FRQVXPSWLRQ ILJXUHV DUH UHOLDQW RQ WKH
6&6WUDGGOH&DUULHU707XJ0DVWHUV(&+(PSW\&RQWDLQHU+DQGOHU
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QXPEHURI RSHUDWLQJKRXUV IRU HDFK W\SHRI LQWHUQDO KDQGOLQJYHKLFOH
%HVLGHVWKHVHFDOFXODWLRQVDUHEDVHGRQWKHDYHUDJHRSHUDWLQJWLPHDQGIXHO
FRQVXPSWLRQRIHDFKW\SHRIYHKLFOHLQWKH\HDUPHQWLRQHG,QWKLVFDVHWKH
¿QDOUHVXOWVREWDLQHGE\WKHFDOFXODWHGIDFWRUZLOOEHXVHGLQWKH¿QDOVWDJH
LPSURYHPHQWVWKHVHUHVXOWVZLOOEHWKHEDVLVRIDOOFRPSDULVRQVEHWZHHQWKH
FXUUHQWRSHUDWLRQVDQGLPSURYHPHQWV
7DEOH!$YHUDJHIXHOFRQVXPSWLRQRI6&70DQG(&+
6& 70 (&+
)RUPXODWLRQ $YHUDJHIXHOFRQVXPSWLRQSHUKRXU IXHOOLWHUVWLPHKRXUV
$YHUDJHRSHUDWLQJWLPH
KRXUV\HDU   
$YHUDJHIXHOFRQVXPSWLRQ
OLWHUV\HDU   
$YHUDJHIXHOFRQVXPSWLRQ
SHUKRXU   
6RXUFH%RE-RQHVH[WUDFWHGIURPIXHOPDQDJHPHQWLQ0HUULGDOHV\VWHPLQ
7KHFDOFXODWLRQVVKRZWKHFRPELQDWLRQRIWKHRSHUDWLQJWLPHLQKRXUVDQG
WKHIXHOFRQVXPSWLRQLQOLWHUVDOORZLQJWKHFRQVXPSWLRQRIIXHOLQRQHKRXU
WREHFDOFXODWHG%DVHGRQWKHGDWDPHQWLRQHGD6&FRQVXPHVOLWHUV
KRXUD70FRQVXPHVOLWHUVKRXUDQGDQ(&+FRQVXPHVOLWHUVKRXU
7KHDQDO\VLVFRQGXFWHGKHUHLQZDVEDVHGRQWKHVHIDFWRUVFDOFXODWHGGXHWR
WKHFRQVWUDLQWVRQWKHFRPSDQ\¶VGDWDLQWHUPVRIIXHOFRQVXPSWLRQEDVHGRQ
GLVWDQFHVWUDYHOOHG
3. Labor cost and running cost
7KHUHDUHRWKHUFRVWV WKDW WKHDQDO\VLVPXVWFRQVLGHU LQ WKLVFDVH WKH
ODERUFRVW GULYHUFRVWVDQGUXQQLQJFRVW ,IDQ\ LPSURYHPHQWVDUHPDGH
LQRSHUDWLQJWLPHDQGIXHOFRQVXPSWLRQWKHUXQQLQJFRVWDQGODERUFRVWDUH
DXWRPDWLFDOO\DIIHFWHGDVWKH\DUHFRVWVEDVHGERWKRQWKHXVHRIYHKLFOHVDQG
KXPDQUHVRXUFHV7KHIROORZLQJWDEOHVKRZVWKHODERUFRVWVGHSHQGLQJRQWKH
QXPEHURIKRXUV7KHGULYHUUHFHLYHVDGLIIHUHQWVDODU\GHSHQGLQJRQWKHW\SHRI
YHKLFOHDQGLWVYDULDEOHGXHWRWKHQXPEHURIKRXUVUHJLVWHUHGGXULQJDZHHN
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7DEOH!/DERUFRVWV
/DERUFRVWKRXUV
KRXUV 2YHUKRXUV
6&  
70  
(&+  
6RXUFH%RE-RQHVH[WUDFWHGIURPIXHOPDQDJHPHQWLQ0HUULGDOHV\VWHPLQ
7DEOHVKRZVWKDWWKHGULYHURIWKH6&HDUQVWKHKLJKHVWVDODU\IROORZHGE\
WKH70GULYHUDVZHOODVWKH(&+GULYHU$GGLWLRQDOO\ WKHGDWDVKRZVWKDW
DIWHUKRXUVZHHN WKHGULYHUVRI WKH6&DQG70PD\REWDLQDGGLWLRQDO
H[WUDSD\WKLVLVLQFRQWUDVWWRWKH(&+GULYHUZKRDOZD\VPDNHVWKHVDPH
DPRXQW$VDUHVXOWWKHODERUFRVWLVDFRPSDULVRQSRLQWEHWZHHQWKHFXUUHQW
SURFHVVDQGWKHSURSRVHGSURFHVV7KLVUHVHDUFKWRRNLQWRFRQVLGHUDWLRQWKLV
W\SHRIFRVWEHFDXVHWKHDQDO\VLVZDVEDVHGRQWKHRSHUDWLQJWLPHWKHODERU
WLPHVSHQWRQWKHPDQLSXODWLRQRIWKHLQWHUQDOYHKLFOHV
7KHIROORZLQJWDEOHFRQWDLQVWKHUXQQLQJFRVWVIRU6&70DQG(&+EDVHG
RQKLVWRULFGDWD7KHGDWDIRUWKLVSDUWLFXODUFDVHZHUHIURP-DQXDU\WR
'HFHPEHULQWHUPVRIPDLQWHQDQFHFRVWDQGRSHUDWLQJWLPH
7DEOH!5XQQLQJFRVW
5XQQLQJFRVWKRXUV
0HDQ 6'6WDQGDUG'HYLDWLRQ
6&  
70  
(&+  
7DEOHVKRZVWKDW WKH6&KDVWKHKLJKHVWUXQQLQJFRVWGXHWR WKHGULYHU
FRVWDQGWKHRSHUDWLQJWLPH7KHUXQQLQJFRVWVDFKLHYHGDOHYHORIKRXU
ZLWKDVWDQGDUGGHYLDWLRQ6'DWKRXUGXH WR WKHIDFW WKDW WKHSRUW
RSHUDWHVZLWKDPL[RIROGDQGQHZ6&VDQGD70FRQVXPHVKRXU
ZLWKDVWDQGDUGGHYLDWLRQRIKRXUGXHWRWKHUHGXFWLRQLQRSHUDWLRQDO
KRXUV)LQDOO\ WKH(&+ LV WKH LQWHUQDO YHKLFOH DW63RUW FRPSDQ\ WKDW
FRQVXPHVWKHOHDVWLQWHUPVRIUXQQLQJFRVWVLWFRQVXPHVKRXUGXHWR
WKHQXPEHUDQGW\SHVRIMREVWKDWLWGRHVVXFKDVOLIWLQJHPSW\FRQWDLQHUV
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4. Mapping of current process
+HUHZHH[SODLQWKHFXUUHQWRSHUDWLRQVDQGWKHPRVW LPSRUWDQWSURFHVVHV
DW WKH&RQWDLQHU7HUPLQDO LQ3RUWFRPSDQ\6*HQHUDOO\ VSHDNLQJ WKHVH
SURFHVVHVDUHFRQVLGHUHGE\ WKLVFRPSDQ\ WREHDQHVVHQWLDOSDUWRI WKH
WHUPLQDODQGFULWLFDO WRQRUPDOGDLO\RSHUDWLRQV$ILUPHUXQGHUVWDQGLQJ
RI WKHVHSURFHVVHVPLJKWKHOS LQGHYLVLQJEHWWHUZD\V WR LPSURYHFXUUHQW
RSHUDWLRQV,QWKLVVHFWLRQWKHDQDO\VLVXWLOL]HGWKH³ÀRZGLDJUDPIRUP´RQH
RIWKHVLPSOHVWWHFKQLTXHVLQRUGHUWRFODULI\WKHFXUUHQWVLWXDWLRQDWWKHSRUW
%\PDSSLQJWKHVHSURFHVVHVLQDVWDQGDUGIRUPWKLVUHVHDUFKGHPRQVWUDWHVWKH
DFKLHYHPHQWVDWHDFKLPSURYHPHQWE\FRPSDULQJWKHSURSRVDODQGWKHFXUUHQW
RSHUDWLRQVDWWKH&RQWDLQHU7HUPLQDORI3RUWFRPSDQ\6
,W LV LPSRUWDQW WRQRWH WKDW WKH WUDQVSRUWDWLRQ WLPHVRI WKLVDQDO\VLVYDU\
ZLGHO\GXH WR WKH ORQJGLVWDQFHVEHWZHHQGLIIHUHQWSODFHV LQVLGH WKHSRUW
DVZHOODV WKHQXPEHURIRSHUDWLRQVXQGHUWDNHQDW WKHSRUWIRU WKLVUHDVRQ
WKHGDWDRQWKHVHVWDQGDUGIRUPVPXVWEHXSGDWHGPRUHIUHTXHQWO\WRREWDLQ
DFFXUDWHLQIRUPDWLRQIRU3RUWFRPSDQ\6
,QDGGLWLRQWRWKLVDQDO\VLVWKHÀRZGLDJUDPXVHVWKH³PDSRIWKHWHUPLQDO´
WR LOOXVWUDWH WKHFXUUHQW OD\RXW WKDWPLJKWKHOSRWKHU ODWHU DQDO\VHV7KH
REMHFWLYHRIXWLOL]LQJWKHFXUUHQWWHUPLQDOPDSLVWRXQGHUVWDQGWKHDGYDQWDJHV
RIFKDQJLQJFXUUHQWRSHUDWLRQVDVZHOODVVZDSSLQJWKHLQWHUQDOYHKLFOHV7KH
UHVHDUFKIRFXVHVRQWUDQVSRUWWLPHZKLFKLVZK\D¿UPHUXQGHUVWDQGLQJRIWKH
PDSPLJKWKHOSFODULI\WKHLPSURYHPHQWV7KHVHLPSURYHPHQWVPD\UHVXOWLQ
UHGXFWLRQVLQODERUUXQQLQJFRVWVDQGIXHOFRVWVVHH)LJXUH
)LJXUH!&XUUHQWÀRZGLDJUDPRIWKHWHUPLQDO
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IV. Improvements and Results
7KHFDVHH[SODLQVVHYHUDOLPSURYHPHQWVWKDWKDYHEHHQUHDOL]HGDWFRPSDQ\
6HDFKW\SHRI LPSURYHPHQWZDVWHVWHGLQWKHILHOGXVLQJLQWHUQDOYHKLFOHV
DVZHOODVFDUJR7KHUHVXOWVZHUHFRPSDUHGEDVHGRQWKHFXUUHQWDQDO\VLV
DQG WKHGDWD FDOFXODWHG7KHFDVHKDVEHHQGLYLGHG LQWR IRXU LPSRUWDQW
LPSURYHPHQWVWKDWZLOOEHH[SODLQHGLQPRUHGHWDLOODWHURQ7KH¿QDOUHVXOWV
PD\VKRZFRPSDULVRQVEHWZHHQWKHFXUUHQWDQGSURSRVHGVFHQDULRV WKHVH
UHVXOWV LQYROYHWKHIXHOFRQVXPSWLRQ ODERUFRVWVDQGUXQQLQJFRVWVRIHDFK
W\SHRIYHKLFOH$QDO\VHVDQGFRPSDULVRQVEHWZHHQWKHVHWKUHHIDFWRUVZLOO
GHPRQVWUDWHWKHEHQH¿WVIURPDFRVWVDYLQJSHUVSHFWLYH
1. Empty container park
1) Improvements of empty container park
7KLVLPSURYHPHQWZDVEDVHGRQWKHFKDQJHVWRWKHFXUUHQWDUHDVRIWKHSRUW
7KLVSURFHVVKDVEHHQWHVWHGDWGLIIHUHQWSRLQWVLQWKHFRQWDLQHUWHUPLQDOXVLQJ
GLIIHUHQW W\SHVRILQWHUQDOYHKLFOHVVXFKDV6&DQG70DVZHOODVGLIIHUHQW
FDUJR W\SHV7KHDQDO\VLVZDVEDVHGRQ WKH WUDQVSRUWRIHPSW\FRQWDLQHUV
KRZHYHUWKHLPSURYHPHQWZDVWHVWHGE\PRYLQJDIXOOFRQWDLQHURIWRQVWR
VPRRWKWKHGULYLQJFRQGLWLRQVDQGWKHWUDI¿FLQWKHSRUW
7KH LPSURYHPHQWFRQVLGHUV VHYHUDODVVXPSWLRQVZLWK WKHREMHFWLYHRI
GHPRQVWUDWLQJWKHFXUUHQWFRQGLWLRQVRIWKHSURFHVV7KHVHDVVXPSWLRQVDUHDV
IROORZV
7KHFXUUHQWRSHUDWLRQLQYROYHVPRYLQJHPSW\FRQWDLQHUVWRWKHTXD\VLGHKRZHYHU
WKHQHZLPSURYHPHQWZDVSUREHGXVLQJIXOOWRQVFRQWDLQHUV
7KHDQDO\VLVIRFXVHVRQWUDQVSRUWDWLRQWLPHEHWZHHQGLIIHUHQWSODFHVLQWKHSRUW,I
WKHWLPHLQFUHDVHVWKHGLVWDQFHVWUDYHOOHGDOVRLQFUHDVH7KLVDVVXPSWLRQZDVPDGH
GXHWRWKHPLVVLQJGDWDUHJDUGLQJIXHOFRQVXPSWLRQEDVHGRQGLVWDQFHVWUDYHOOHG
7UDI¿FDQGFRQJHVWLRQZHUHVPRRWKHGE\VWRSSLQJYHKLFOHVRQFHGXULQJWKHWHVWLQJ
EHWZHHQGLIIHUHQWSRLQWVRIWKHSURFHVV
7KHWHVWLQJGLGQRWXVHWKHVSHHGOLPLWDOVRWKHURXWHWRWKH¿QDOSRLQWZDVOHIWXS
WRWKHGULYHU¶VMXGJPHQW
)LUVW RI DOO WR LGHQWLI\ WKLV LPSURYHPHQW WKH DQDO\VLVZDVPDGHE\
HPSOR\LQJDQHZ]RQHORFDWHGQH[W WRWKHTXD\VLGH7KHLPSURYHPHQWZDV
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WHVWHGZLWKD70FRQGXFWLQJWKHVDPHRSHUDWLRQDVWKH6&,QWKLVFDVHWKH
70XVHGDVHPLWUDLOHUZLWK WKH LQWHQWLRQRIPRYLQJWKH ORDGHGFRQWDLQHU
%HVLGHVWKLVSURFHVVDWWKHHPSW\FRQWDLQHUSDUNZDVDQDO\]HGDWWKHFXUUHQW
SRVLWLRQXVLQJ DQHZDFFHVVSRLQW RQ WKH URDG IRU UHDG\DFFHVV WR WKH
TXD\VLGH7KLVDQDO\VLVZDVUHDOL]HGLQWKHQHZSURSRVHGSURFHVVXVLQJD70
WRIHHGWKHFUDQHVRQWKHTXD\VLGHVHH)LJXUH
7KHLPSURYHPHQWPD\UHGXFHWKH³3$UHD´VKRZQRQWKHPDSLQ)LJXUH
7KLVLVWKHFXUUHQWEUHDNLQJDUHDXVHGE\6&KRZHYHUE\XVLQJD70IRU
WKLV LPSURYHPHQW WKH OD\RXWGRHVQRWQHHG WR LQFOXGH WKLVDUHD7KHQHZ
SURFHVVKDVEHHQH[SODLQHGLQÀRZGLDJUDPIRUPDVZHOODVÀRZGLDJUDPV
VXSHULPSRVHGRQWKHWHUPLQDOSODQ
$QRWKHU LPSRUWDQWSRLQW WKDW VSHFLILHVSRLQWVRQ WKHTXD\VLGHZDVXVHG
WRGHILQHWKHILQDOSRLQW$OOYHVVHOVKRZHYHUPD\KDYHGLIIHUHQWSRVLWLRQV
RQWKHTXD\GXHWR WKHVHTXHQFHDQGERRNLQJVRIDUULYDOV,Q WKLVFDVH WKH
UHVHDUFKGHILQHG WKUHHGLIIHUHQWSRLQWVDORQJ WKHTXD\ZLWK WKHREMHFWLYH
RI VPRRWKLQJ WKH WUDQVSRUW WLPHGXULQJ WKHGLVWDQFHV WUDYHOOHG7KHQHZ
LPSURYHPHQW UHTXLUHVDQHPSW\KDQGOHUZLWK WKH LQWHQWLRQRI ORDGLQJDV
ZHOODVGLVFKDUJLQJH[WHUQDOYHKLFOHV+RZHYHU WKH70DOVRUHTXLUHV WKH
VDPHKDQGOHU7KLVLVZK\WKHQHZSURFHVVKDVWRGHPRQVWUDWHWKDWWKLVHPSW\
KDQGOHULVDYDLODEOHWRVHUYHWKHVHWZRRSHUDWLRQVZLWKRXWDIIHFWLQJLQWHUQDO
RSHUDWLRQVRQWKHTXD\VLGHDQGWKHTXHXHRIH[WHUQDOYHKLFOHVFXVWRPHUV
)LJXUH!$QHZSURSRVHGSURFHVVÀRZGLDJUDP
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7RGHPRQVWUDWHWKLV LPSURYHPHQWDVLPXODWLRQZDVFRQGXFWHGGXULQJWKLV
UHVHDUFKE\XVLQJ³ZLWQHVVVRIWZDUH´WKLVVLPXODWLRQPLJKWH[SODLQYDULRXV
VFHQDULRVLQYROYLQJRQHRUWZRKDQGOHUVDVZHOODVFKDQJLQJWKHF\FOHWLPHDW
WKH70SRLQWGXHWRWKHORDGRI;)(8RU;7(8
)LJXUH!$VLPXODWLRQPRGHORI:LWQHVVSURJUDP
2) Results of empty container park
7KH LPSURYHPHQWDW WKHHPSW\FRQWDLQHUSDUN LQYROYHV WZRRSWLRQV WR
LPSURYH WKHFXUUHQWSURFHVV ILUVW WKH LPSURYHPHQWSURSRVHVDQHZ]RQH
QH[W WRWKHTXD\VLGHVHFRQGO\ WKHFXUUHQW]RQHXVLQJDQHZDFFHVVURDGLV
SURSRVHG7KHIROORZLQJ WDEOH7DEOHH[SODLQV WKHVDYLQJVDFKLHYHGE\
XVLQJXS WR WZRVHPLWUDLOHUVDQGFRPELQLQJ WZRVL]HVRIFRQWDLQHUVVXFK
DV7(8DQG)(8XQLWV0RUHRYHU WKHUHVXOWVVKRZWKDW WKHSHUFHQWDJHRI
UHGXFWLRQRIFRVWVKDVGHFUHDVHGIRUHDFKRSWLRQDQGFDQEHFRPSDUHGZLWK
WKHFRVWVRIWKHFXUUHQWSURFHVV
,Q RUGHU WR XQGHUVWDQG WKHVH UHVXOWV LW LV LPSRUWDQW WR QRWH WKDW WKH
LPSURYHPHQWVDUHEDVHGRQWUDQVSRUWDWLRQWLPHKRZHYHURQWKHRWKHUKDQG
WKHVDYLQJVREWDLQHGDUHEDVHGRQWKHQXPEHURIPRYHPHQWVGXHWRWKHIDFW
WKDW WKHQHZSURFHVVKDVFKDQJHGDQ LQWHUQDOYHKLFOHZLWK WKHREMHFWLYHRI
WUDQVSRUWLQJPRUHWKDQRQHFRQWDLQHUGXULQJDVLQJOHWULS
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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PD[LPXPUHGXFWLRQRI2QWKHRWKHUKDQGWKHFXUUHQW]RQHXVLQJWKH
QHZDFFHVVURDGDFKLHYHGDQLQFUHDVHLQFRVWVRIE\WUDQVSRUWLQJ
RQHFRQWDLQHUDWHDFKWULSKRZHYHUE\PRYLQJWZRFRQWDLQHUVRUE\XVLQJ
DVHFRQGVHPLWUDLOHU WKHSURFHVV LQFUHDVHV WKHVDYLQJVIURPWR
 LQRWKHUZRUGVE\XVLQJDQHZDFFHVVURDG WKHVDYLQJVPLJKW
VWDUWDWDQGJRXSWRWKLVGHSHQGVRQWKHVL]HVRIFRQWDLQHUV
WKHFXVWRPHUUHTXLUHV
7KLV LPSURYHPHQWGHPRQVWUDWHV WKDW WKH HPSW\KDQGOHU WKDW ORDGV WKH
H[WHUQDOYHKLFOHVFXVWRPHUVPLJKW ORDGWKH70DW WKHVDPHWLPHZLWKRXW
DIIHFWLQJQRUPDORSHUDWLRQRQ WKHTXD\VLGHDVZHOO DV WKHTXHXHRI WKH
H[WHUQDOYHKLFOHV)RUWKLVUHDVRQWKLVLPSURYHPHQWKDVEHHQVXSSRUWHGE\D
VLPXODWLRQPRGHOLQRUGHUWRDVVHVVWKHRSWLPDOXVHRIWKHYHKLFOHVLQYROYHGLQ
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WKHSURFHVV
7DEOH  VKRZV WKH UHVXOWV RI YDULRXV VFHQDULRV LQ WKH VLPXODWLRQ E\
FRPELQLQJWKHH[WHUQDOYHKLFOHV WKHHPSW\KDQGOHUDQGWKHWXJPDVWHU7KH
VLPXODWLRQKHOSVLQWKLVFDVHE\GHWHUPLQLQJZKHWKHUWKHHPSW\KDQGOHULVDEOH
WRGRWKHMREVVLPXOWDQHRXVO\IRUWKLVUHDVRQWKHPRGHOVKRZVWKHUHVXOWVIRU
ERWKLPSURYHPHQWRSWLRQV
7DEOH!5HVXOWVRIWKHVLPXODWLRQPRGHO
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$VDUHVXOWWKHEHVWFRPELQDWLRQLV³(&+	70´GXHWRWKHIDFWWKDW
WKHKDQGOHUVKDYHEHHQEXV\DWDXWLOL]DWLRQUDWHRIRYHUDQGWKHTXHXHRI
WKHH[WHUQDOYHKLFOHVDVZHOODVWKHWXJPDVWHUGRHVQRWLQFUHDVHVLJQL¿FDQWO\
DGGLWLRQDOO\E\RSHUDWLQJWZR70VWKHYHVVHOVDUHQRWUHTXLUHGWRZDLWIRU
ORQJSHULRGVRIWLPHEHFDXVHWKH70FDQIHHGWKHFUDQHVFRQVWDQWO\
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2. New operation pads
1) Improvements of new operation pads
7KH LPSURYHPHQW LQFRPSDQ\6FRQVLVWV LQGLYLGLQJ WKHSDGVZKHUH WKH
H[WHUQDOYHKLFOHVZDLWWREHVHUYHG7KHDQDO\VLVVKRZVWKHEHQH¿WVRIWKH6&
ZLWKWKHREMHFWLYHRIUHGXFLQJWKHWLPHRI WUDQVSRUWDWLRQEHWZHHQWKHJDWHV
DQGWKHVWRUDJH7KHWHUPLQDOSODQLOOXVWUDWHVWKHQHZSRVLWLRQRIWKHJDWHVDQG
WKHDUHDVWKDWQHHGWREHVHUYHGE\WKH6&
$FFRUGLQJWR WKHQXPEHURIPRYHPHQWV LQ WKHVH]RQHV WKH LPSURYHPHQW
UHTXLUHVQHZJDWHVVLWXDWHGRQRQHRIWKHVLGHVRIWKHWHUPLQDOOD\RXW7KHVH
JDWHVKDYHWRFRYHUWKHIROORZLQJDUHDV:97543;<=
:9DQG77KHVH]RQHVKDYHEHHQVKRZQRQWKHPDSVHH)LJXUH
)LJXUH!$QHZSURSRVHGURXWHIRUSDGV
2QWKHRWKHUKDQG WKHFXUUHQWSDGVPLJKWFRYHUWKHUHVWRI WKH]RQHV%\
UHGXFLQJ WKH WUDQVSRUWDWLRQ WLPHRI WKH6&DQGEDVHGRQ WKHQXPEHURI
PRYHPHQWVWKHRSHUDWLRQVUHGXFHIXHOFRQVXPSWLRQUXQQLQJFRVWVDQGODERU
FRVWVE\LQFUHDVLQJWKHQXPEHURIPRYHPHQWVRYHUWKHVDPHWLPHSHULRG7KLV
LPSURYHPHQWFRPSDUHV WR WKHFXUUHQWDQGWKHSURSRVHGVLWXDWLRQUHJDUGLQJ
WUDQVSRUWDWLRQWLPHUXQQLQJFRVWVDQGODERUFRVWVEDVHGRQWKHQXPEHURI
PRYHPHQWVSHUPRQWK7KHSURSRVHGDQGFXUUHQWRSHUDWLRQVHQWDLOVHYHUDO
DVVXPSWLRQVSUHPLVHGRQVPRRWKLQJWKHWUDI¿FDQGWKHGLVWDQFHVWUDYHOOHGDW
GLIIHUHQWSRLQWVRIVWRUDJH7KHDIRUHPHQWLRQHGDVVXPSWLRQVDUHDVIROORZV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7KH6&VZHUHWHVWHGLQWKH¿HOGE\WUDQVSRUWLQJDIWIXOOFRQWDLQHURIWRQV
7KHLPSOHPHQWDWLRQZDVGHFLGHGRQWKUHHGLIIHUHQWSRLQWVRYHUWKHVWRUDJHWLPHWR
FRPSDUHWKHVKRUWHVWDQGORQJHVWGLVWDQFHV
7KHGULYHUGHWHUPLQHG WKHZD\EHWZHHQ WKHFXUUHQWSDGVDQG WKHSRLQWVDW WKH
VWRUDJHDVZHOODVWKHURDGZD\IURPWKHSURSRVHGJDWHV
7KH6&VWRSSHGRQFHEHWZHHQWKHSDGVDQGWKHSRLQWVDWWKHVWRUDJHDQGYLFHYHUVD
$WHDFKSRLQWWKH6&XQORDGHGWKHFRQWDLQHURQWKHÀRRULQDGGLWLRQWROLIWLQJLW
2) Results of empty container park
7KHUHVXOWVRI WKLV LPSURYHPHQWFRXOGGHPRQVWUDWHVDYLQJV LQ ILQDQFLDO
WHUPV E\ LQFOXGLQJ IXHO FRVWV ODERU FRVWV DQG UXQQLQJ FRVWV ,Q WKLV
VXEVHFWLRQ WKHUHVXOWVH[SODLQ WKHFRPSDULVRQEHWZHHQWKHFXUUHQWSURFHVV
DQGWKHSURSRVHGSURFHVV LQRUGHU WRGHPRQVWUDWHFOHDUO\ WKHSHUIRUPDQFH
RI WKHGDWDREWDLQHG8VLQJ WKLV LQIRUPDWLRQ FRPSDQ\6PD\FRQVLGHU
WKH LPSOHPHQWDWLRQRI WKLV LPSURYHPHQW7KHIROORZLQJ WDEOHVKRZVWKH
ILQDOUHVXOWVE\H[SODLQLQJWKHWRWDOVDYLQJVRYHUDWLPHSHULRGRIRQH\HDU
DGGLWLRQDOO\WKHGDWDVKRZVWKHEHQH¿WVRIWKLVLPSURYHPHQW
7DEOH!6DYLQJVDWWKHQHZRSHUDWLRQSDGV
1XPEHURIPRYHPHQWVSHUPRQWK
&XUUHQWSURFHVV 3URSRVHGSURFHVV 6DYLQJV\HDU 5HGXFWLRQ
)XHOFRVWV    
/DERUFRVWV    
5XQQLQJFRVWV    
Total() 389,711.88 330,237.27 59,474.61
7UDQVSRUWDWLRQ7LPH
VHFPRYH    
%\FRQVLGHULQJ WKHQHZSURFHVVDQGDVVLJQLQJ WKHDUHDVDW WKHFRQWDLQHU
SDUNVWRUDJH WKHSURFHVVFRXOGVDYHD\HDU,W LV LPSRUWDQW WR
UHFRJQL]HWKDWWKHVHVDYLQJVLQFOXGHWKHIXHOFRVWVWKHODERUFRVWVGULYHUDQG
WKHUXQQLQJFRVWVRIWKH6&0RUHRYHUGXHWRWKHIDFWWKDWWKHLPSURYHPHQW
ZDVEDVHGRQ WUDQVSRUWDWLRQ WLPH WKH UHGXFWLRQRI WKHVH W\SHVRIFRVWV LV
VLPLODUWKLVLVZK\WKHWRWDOFRVWKDVEHHQUHGXFHGE\2QWKHRWKHU
KDQG LIFRPSDQ\6HOHFWV WR LQFUHDVH WKHSURGXFWLYLW\DQG WKHQXPEHURI
PRYHPHQWVLQWKLVSDUWRIWKHFRQWDLQHUSDUNWKHVDYLQJFRVWVFRXOGLQFUHDVH
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DXWRPDWLFDOO\)LQDOO\E\VKRZLQJWKHDQDO\VLVIURPDGLIIHUHQWSHUVSHFWLYH
LIWKHSURSRVHGRSHUDWLRQWDNHVWKHVDPHDPRXQWRIWLPHWKHFRPSDQ\FRXOG
LQFUHDVHSURGXFWLYLW\E\DVDUHVXOW WKHQXPEHURIPRYHPHQWVWKDW
WKH6&FRXOGFRQGXFW LQ WKHFRQWDLQHUSDUNXVLQJWKHQHZSDGVFRXOGULVH
IURPWRDPRQWK
3. Driving skills
1) Improvements of driving skills
7KHFDVHDQDO\]HGLPSURYHPHQWV LQVHYHUDOZD\VYLD WKH LPSOHPHQWDWLRQ
RIGLIIHUHQWRSHUDWLRQVSURFHVVHVDQGKDQGOLQJYHKLFOHV7KHLPSURYHPHQW
GLVFXVVHGKHUHLQLVEDVHGRQGULYLQJVNLOOV LQYROYLQJWKHWUDLQLQJRILQWHUQDO
6&GULYHUVDWFRPSDQ\67KHFDVHGHVFULEHG LQ WKLV VHFWLRQ LOOXVWUDWHVD
VWUDWHJLFLGHDIRUWKHUHGXFWLRQRIIXHOFRQVXPSWLRQZLWKRXWWKHQHHGIRUDQ\
W\SHRI¿QDQFLDO LQYHVWPHQW WKLV LGHDPLJKWEHH[SORUHGWRGHYHORSVLPSOH
WHFKQLTXHVWRUHGXFHIXHOFRQVXPSWLRQE\HPSRZHULQJGULYHUVDQGFRPELQLQJ
WKHLUH[SHULHQFH
$QRWKHUQHZFRQFHSWKDVFRQWULEXWHG WR LQFUHDVHV LQSURGXFWLYLW\DQG
UHGXFWLRQV LQ IXHOFRQVXPSWLRQFRVWVE\FKDQJLQJ WKHGULYHU¶VEHKDYLRU
³(&2/20,&´ LVDFRPELQDWLRQRIHFRORJLFDODQGHFRQRPLFSURJUHVV LQ
GULYLQJVNLOOV WKLVFRQFHSWPLJKWXOWLPDWHO\UHGXFHWKHFRQVXPSWLRQRIIXHO
E\XSWR,QDGGLWLRQWRWKLVE\HGXFDWLQJDIXOOWUXFNÀHHWRIGULYHUVIXHO
FRQVXPSWLRQPLJKWEHUHGXFHGE\XSWR
7KHIROORZLQJ WDEOHVKRZV WZRGLIIHUHQW WHDPV³'ULYHUV7UDLQHG´ LV WKH
WHDPWKDWUHFHLYHGLQVWUXFWLRQVZLWKWKHREMHFWLYHRIUHGXFLQJIXHODQGRQWKH
RWKHUVLGHGULYHUVZLWKRXWNQRZOHGJHRI WKLVH[HUFLVH LQ WKHHQG WKHGDWD
ZDVFRPSDUHGXVLQJWKHVDPHRSHUDWLRQFRQGLWLRQVDQGWKHVDPHRSHUDWLQJ
WLPHFRQGLWLRQV7DEOHVKRZVWKHGDWDDQDO\]HGLQWHUPVRIRSHUDWLQJWLPH
QXPEHURIPRYHPHQWVSHUKRXULGOHWLPHDQGWKHQXPEHURIPRYHPHQWVIRU
HDFKGULYHU,QDGGLWLRQWKHWDEOHVKRZVWKHDYHUDJHUDWHRIPRYHPHQWVKRXU
REWDLQHGE\WKHV\VWHP7KLVGDWDKDVEHHQFRPSDUHGEHWZHHQWKHWZRWHDPV
ZLWKWKHSXUSRVHRIGHWHUPLQLQJYDULDWLRQVLQIXHOFRQVXPSWLRQEDVHGRQWKH
IDFWRUFDOFXODWHGSUHYLRXVO\ WKLV IDFWRUVKRZVWKHQXPEHURI OLWHUVRIIXHO
FRQVXPHGE\DQ6&SHUKRXU
0XVWHU
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7DEOH!$FRPSDULVRQIXHOFRQVXPSWLRQEHWZHHQWUDLQHGDQGRWKHUGULYHUV
'ULYHUVWUDLQHG 2WKHUGULYHUV
2EVHUY 6& 7LPHPLQ
0RY
KU
,GOH
WLPH
PLQ
7RW
PRY 2EVHUY 6&
7LPH
PLQ
0RY
KU
,GOHWLPH
PLQ
7RW
0RY
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
5DWHPRYKU 5DWHPRYKU
7KHIROORZLQJFDOFXODWLRQVGHPRQVWUDWHWKHFRPSDULVRQEHWZHHQWKHGULYLQJ
VNLOOVRIWZRGLIIHUHQWWHDPV,WLVZRUWKQRWLQJWKDWWKHWRWDOWLPHLQFOXGHVWKH
LGOHWLPHLQWKLVH[HUFLVHLGOHWLPHFRPSULVHVWKHWLPHWKDWWKH6&FRQVXPHV
LQZDLWLQJIRUDVSHFL¿FMRE,QWKLVFDVH WKHWLPHWKDW WKH6&FRQVXPHVLQ
RQHPRYHPHQWKRXUVPRYHPHQWLVFDOFXODWHGRQRQHVLGHWKHWHDPWUDLQHG
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FRQVXPHG KRXUVPRYHPHQW DQGRQ WKHRWKHU VLGH WKHGULYHUV
FRQVXPHGKRXUVPRYHPHQW$VDUHVXOWWKHWUDLQHGWHDPFRQVXPHG
OHVVWLPHSHUPRYHPHQWWKDQWKHRWKHUWHDPRZLQJWRWKHIDFWWKDWWKHWUDLQHG
WHDPDGRSWHGWKHIROORZLQJDVVXPSWLRQV
'RQRWXVHWKHPD[LPXPVSHHG
'RQRWEUDNHKDUG
6WRSLIWKHUHLVQRMREDVVLJQHG
*RVORZLIWKHUHLVDORWRIWUDI¿F
'RQRWPDNHXQQHFHVVDU\PRYHPHQWV
2) Results of driving skills
,QWKLV LPSURYHPHQW WKH¿QDOUHVXOWVVKRZVDYLQJVLQWHUPVRIIXHO$IWHU
WUDLQLQJDWHDPRIGULYHUVLQVSHFL¿FDVVXPSWLRQVDQGFRQGLWLRQVDVH[SODLQHG
LQWKHSUHYLRXVVHFWLRQWKHWUDLQHGGULYHUVVKRZLPSURYHPHQWVDVFRPSDUHG
WRWKHXQWUDLQHGGULYHUV7KHDQDO\VLVFRPSDUHGWKHGULYHUVGXULQJWKHVDPH
VKLIWDVZHOODVWKHVDPHFRQGLWLRQVRIRSHUDWLRQDWWKHFRQWDLQHUSDUN
7KHWDEOHVKRZVWKHQXPEHURIPRYHPHQWVKRXUDQGWKHQXPEHURIOLWHUV
RI IXHOFRQVXPHGPRYHPHQW%DVHGRQ WKHVH UHVXOWVDQGXVLQJ WKH IDFWRU
FDOFXODWHGLQWKHSUHYLRXVFKDSWHUZKLFKLVOLWHUVKRXUWKH¿QDOUHVXOWV
VKRZWKHWRWDOQXPEHURIOLWHUVFRQVXPHGEDVHGRQWKHQXPEHURIPRYHPHQWV
SHU\HDU7DEOHH[SODLQVWKHFRPSDULVRQEHWZHHQWZRW\SHVRIGULYHUVXVLQJ
D6&7KHWUDLQHGGULYHUVVDYHGXSWROLWHUVRIIXHOSHU\HDULQRWKHU
ZRUGVDVVXPLQJWKDWWKHFRVWSHUOLWHULVDWRWDOVDYLQJVRI
LQDRQH\HDUSHULRGFRXOGEHDFKLHYHG,QDGGLWLRQWRWKHILQDOUHVXOWVDQG
EDVHGRQ WKHQXPEHURI OLWHUVRI IXHOFRQVXPHG LQ WKHSDVWPRQWKVD
UHGXFWLRQRIIXHORIXSWRRIWRWDOIXHOFRQVXPSWLRQFRXOGEHDFKLHYHG
DWWKHSRUWFRPSDQ\
7DEOH!7KHSUHOLPLQDU\GDWDIRUFDOFXODWLRQ
%DVLFGDWD 8QLW
1XPEHURIPRYHPHQWV  0RYHPHQWV\HDU
$YHUDJHFRQVXPSWLRQSHUKRXU6&  /LWHUV\HDU
&RVWVSHUOLWHURIIXHO  OLWHU
7RWDOFRVWVD\HDU  /LWHUV\HDU
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7DEOH!6DYLQJVE\LPSOHPHQWLQJGULYLQJVNLOOV
'ULYHUVWUDLQHG 2WKHUGULYHUV 6DYLQJV 5HGXFWLRQ
0RYHPHQWVKRXU    
2SHUDWLQJWLPHKRXUV    
/LWHUVRIIXHOPRYHPHQW    
/LWHUVRIIXHO\HDU   
&RVWV\HDU   
7RWDOUHGXFWLRQ 
)LQDOO\E\ LPSOHPHQWLQJGULYLQJVNLOOVDVD WHFKQLTXHZLWKRXW ILQDQFLDO
LQYHVWPHQW WKHGDWDVKRZVDUHGXFWLRQRILQ WHUPVRIPRYHPHQW
KRXUDQGOLWHUVRIIXHOFRQVXPHGPRYHPHQW)URPDGLIIHUHQWSHUVSHFWLYHE\
LPSURYLQJGULYLQJVNLOOVFRPSDQ\6PD\LQFUHDVHSURGXFWLYLW\E\DVVXPLQJ
WKHVDPHWRWDOFRQVXPSWLRQRIIXHO LQRQH\HDU WKHQXPEHURIPRYHPHQWV
FRXOGULVHIURPWRPRYHPHQWVSHU\HDU
4. Heavy lift area
1) Improvements of heavy lift area
&RPSDQ\6KDVDKHDY\ OLIW DUHD WKLV DUHD LQYROYHV VRPHRI WKHPRVW
FRPSOH[RSHUDWLRQVGXHWRWKHW\SHVRIFDUJRKDQGOHV+RZHYHUWKHQXPEHU
RIPRYHPHQWV LVQRW UHSUHVHQWDWLYH IRU WKH FRPSDQ\ WKH FDVH LQYROYHV
GLIIHUHQWRSWLRQVRQWKHFXUUHQWOD\RXWWRUHGXFHWUDQVSRUWDWLRQWLPHLQWHUPV
RIIXHOFRVWVODERUFRVWVDQGUXQQLQJFRVWV
7KLVRSHUDWLRQKDV WR WUDQVSRUWJHQHUDOFDUJR WR WKHTXD\VLGHZKHQ WKH
FXVWRPHUUHTXLUHVWKHSURGXFW7KLVFDVHFRPSDUHVWKHFXUUHQWSRVLWLRQRIWKH
KHDY\OLIWDUHDZLWKWKUHHRWKHUGLIIHUHQWSRVLWLRQVLQWKHSRUW7KHVHSRVLWLRQV
DUHOLVWHGRQWKHPDSLQ)LJXUH
7KHFDVHZDVEDVHGRQWUDQVSRUWDWLRQWLPHEHWZHHQWKHTXD\VLGHDQGWKH
]RQHVH[SODLQHGRQWKHPDS7KHFXUUHQWRSHUDWLRQZDVFRPSDUHGZLWKWKH
SURSRVHGSRVLWLRQVDQGWKHGDWDXVHGIRUSURSRVDODQGFXUUHQWSRVLWLRQVZHUH
FROOHFWHGLQWKH¿HOGWKHGDWDDQDO\VLVFRQGXFWHGZLOOEHH[SODLQHGLQWKHQH[W
VXEVHFWLRQ7KLVLPSURYHPHQWLVUHOLDQWRQWKHIROORZLQJDVVXPSWLRQV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7KHWUDQVSRUWDWLRQWLPHZDVWHVWHGXVLQJDWXJPDVWHUZLWKDIWFRQWDLQHUKROGLQJ
DWRWDORIWRQV
%HWZHHQSRVLWLRQVWKHGULYHUVWRSSHGWZLFHLQRUGHUWRUHGXFHWKHWUDI¿FFRQGLWLRQV
LQWKHSRUW
'XULQJWHVWLQJWKHVSHHGOLPLWZDVQRWFRQVLGHUHGDQGWKHDQDO\VLVZDVQRWIRFXVHG
RQWKHRSHUDWLRQWLPH7KHDQDO\VLVZDVIRFXVHGH[SUHVVO\RQWUDQVSRUWDWLRQWLPH
7KHFRVWDQDO\VLVZDVEDVHGRQWKHQXPEHURIPRYHPHQWVSHUPRQWKRYHUWKHODVW
PRQWK
)LJXUH!7KHWKUHHGLIIHUHQWSRVLWLRQVRIWKHKHDY\OLIWDUHD
2) Results of the heavy lift area
7KHLPSURYHPHQWKDVFRQVLGHUHGGLIIHUHQWSRVLWLRQVRIWKHKHDY\OLIWDUHDDW
WKHSRUWDQGWKHDQDO\]HGGDWDZDVFRPSDUHGZLWKWKH¿QDOUHVXOWVLQWHUPV
RIVDYLQJVDQGWUDQVSRUWDWLRQ WLPH,QDGGLWLRQ WR WKLV WKHUHVXOWVREWDLQHG
ZHUHDQDO\]HG LQFRPSDULVRQZLWK WKHFXUUHQWSRVLWLRQ LQRUGHU WRJDLQ
XQGHUVWDQGLQJRIWKHEHQH¿WVRIWKLVLPSURYHPHQW
7DEOHVKRZVWKHWRWDOVDYLQJVIRUHDFKSRVLWLRQSRLQWRIWKHKHDY\OLIW]RQH
WKHVDYLQJVUHSUHVHQWUHGXFWLRQVLQWHUPVRIWUDQVSRUWDWLRQWLPHVEHWZHHQWKH
SRVLWLRQVDQDO\]HGDQGWKHTXD\VLGHDGGLWLRQDOO\WKHUHVXOWVDUHEDVHGRQWKH
QXPEHURIPRYHPHQWVLQRUGHUWRFDOFXODWHWKH¿QDOVDYLQJLQWHUPVRIWLPH
DQGFRVWV
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7DEOH!5HVXOWVRIKHDY\OLIWDUHDLPSURYHPHQW
Number of movements/month   240
&XUUHQW]RQH 5DLOZD\]RQH (PSW\]RQHROGDFFHVVURDG
(PSW\]RQH
QHZDFFHVVURDG
)XHOFRVW    
/DERXUFRVW    
5XQQLQJFRVW    
Total operation cost
(£/year) £16,565.11 £15,100.02 £13,172.73 £6,976.62
Saving cost
(£/year) £1,465.09 £3,392.38 £9,588.49
Reduction(%) 8.84% 20.48% 57.88%
7UDQVSRUWDWLRQWLPH
VHFPRYH    
)LUVWO\ WKHUHVXOWVGHPRQVWUDWHWKDW WKHUDLOZD\]RQHHYLGHQFHVWKHORZHVW
UHGXFWLRQZLWKDQDFKLHYHGVDYLQJVRIRZLQJ WR WKH IDFW WKDW WKH
GLVWDQFHWUDYHOOHGGHFUHDVHGYHU\JUDGXDOO\6HFRQGO\WKHHPSW\]RQHFUHDWHG
E\XVLQJWKHROGDFFHVVURDGFRXOGUHGXFHXSWRRIWKHFRVWVGXHWRWKH
IDFW WKDW WKHSRVLWLRQUHGXFHVWKHGLVWDQFHVWUDYHOOHGLQFRPSDULVRQZLWKWKH
UDLOZD\]RQH7KLUGO\WKHHPSW\]RQHFUHDWHGXVLQJDQHZDFFHVVURDGFRXOG
UHGXFHWKHFRVWVE\XSWRLQFRPSDULVRQZLWKWKHFXUUHQWSRVLWLRQRI
WKHKHDY\OLIWDUHD7KLVPHDQVWKDWDUHGXFWLRQRIURXJKO\FRXOGEH
DFKLHYHGE\XVLQJWKHHPSW\]RQHDQGUHGXFLQJWKHGLVWDQFHVWUDYHOOHGYLDWKH
HVWDEOLVKPHQWRIDQHZDFFHVVURDG$GGLWLRQDOO\LWLVLPSRUWDQWWRUHPHPEHU
WKDWWKHFRVWVLQFOXGHWKHIXHOFRVWVODERUFRVWVDQGUXQQLQJFRVWVRIWKH70
7KLVUHGXFWLRQZDVEDVHGRQWUDQVSRUWDWLRQWLPHWKHUHVHDUFKGLGQRWPDNH
DQ\LPSURYHPHQWVLQWKHRSHUDWLRQGXHWRWKHIDFWWKDWWKHKHDY\OLIWSURFHVV
LQYROYHVGLYHUVHW\SHVRIOLIWLQJ
V. Conclusions
 
7KHRSHUDWLRQVDW WKHFRQWDLQHU WHUPLQDOGHPDQGQHZXVHVRIKDQGOLQJ
YHKLFOHV LQRUGHU WRVDWLVI\SURGXFWLYLW\DVZHOODVFXVWRPHUUHTXLUHPHQWV
$GGLWLRQDOO\ WKHVHYHKLFOHV UHTXLUH UHVRXUFHV VXFKDVSHRSOH IXHO DQG
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VHUYLFHVZLWKWKHREMHFWLYHRIFRPSOHWLQJWKH¿QDORSHUDWLRQ7KLVVWXG\KDV
IRFXVHGRQWKHIXHOPDQDJHPHQWRI LQWHUQDOYHKLFOHVDOWKRXJKWKHDQDO\VLV
FRQVLGHUHGRWKHUFRVWVDVVRFLDWHGZLWKIXHOFRQVXPSWLRQ LQFOXGLQJUXQQLQJ
DQGODERUFRVWV
7KH UHVHDUFKGHVFULEHGKHUHLQSURSRVHVVHYHUDO LPSURYHPHQWVZLWK WKH
REMHFWLYHRI UHGXFLQJ IXHO FRQVXPSWLRQZLWKRXW DIIHFWLQJSURGXFWLYLW\
7KHVH LPSURYHPHQWVZHUH WHVWHG LQ WKH ILHOGXVLQJ WKHYHKLFOHV LQYROYHG
LQ WKHSURFHVV0RUHRYHU WKHVH LPSURYHPHQWVPLJKWKHOS WKHRSHUDWLRQV
FDUJRGHSDUWPHQW WR LGHQWLI\ WKHEHVW UHVRXUFHVSRVLWLRQV LQ WKHSRUWDQG
RSHUDWLRQVZLWKWKHLQWHQWLRQRIUHGXFLQJFRVWVDVVRFLDWHGZLWKIXHODVZHOODV
SURGXFWLYLW\LQFUHDVHV
2QHLPSRUWDQWDVSHFWRIWKLVUHVHDUFKZDVWKDWLWGLGQRWIRFXVRQWKHWLPH
WDNHQE\WKHYHKLFOHFRQGXFWLQJWKHRSHUDWLRQWKHSUHVHQWVWXG\KDVUHGXFHG
IXHOFRQVXPSWLRQGXULQJWUDQVSRUWDWLRQWLPHYLDWKHXVHRILQWHUQDOYHKLFOHV
%\LPSOHPHQWLQJIRXULPSURYHPHQWVLQWKHSRUWDQGE\SURELQJWKHLQWHUQDO
YHKLFOHVLQWKH¿HOGWKLVUHVHDUFKFRQFOXGHGWKHIROORZLQJ
$WWKHHPSW\FRQWDLQHUSDUNDUHGXFWLRQRIZDVDFKLHYHGE\LQFOXGLQJ
IXHO ODERUDQGUXQQLQJFRVWV7KLVUHGXFWLRQZDVPDGHE\XVLQJ WKHQHZDUHD
ORFDWHGQH[WWRWKHTXD\VLGH
%\XVLQJWKHFXUUHQWDUHDDQGWKHQHZDFFHVVURDG WKHUHVHDUFKILQGLQJVZRXOG
UHGXFHIXHOE\E\ LQFOXGLQJ WKHDIRUHPHQWLRQHGFRVWV ,QDGGLWLRQ WKH
UHVXOWVRIWKLVVWXG\VKRZWKDWWKLVRSWLRQLVVXLWDEOHRQO\IRUIWFRQWDLQHUVRU
FDVHVLQZKLFKWZRVHPLWUDLOHUVDUHHPSOR\HG
7KHQHZSURFHVVDW WKHHPSW\FRQWDLQHUSDUNLQYROYHGDGLIIHUHQWGLVWULEXWLRQRI
WKHLQWHUQDOYHKLFOHV%\XVLQJWKHVHYHKLFOHV WKHSRUWKDVH[SDQGHGWKHVWRUDJH
]RQHE\GXHWRWKHIDFW WKDW WKDW WKHSURFHVVGRHVQRWUHTXLUHDEUHDNLQJ
DUHD
1HZRSHUDWLRQSDGVKDYHVDYHGXSWRD\HDUKRZHYHUWKH
SRUWFRPSDQ\PXVWFRQVLGHUDQLQLWLDOLQYHVWPHQWRILQRUGHUWREXLOG
QHZSDGV
7KHVWXG\UHVXOWVGHPRQVWUDWHG WKDWGULYLQJVNLOOVHIIHFWHG WKHPRVWSURIRXQG
LPSURYHPHQWVRZLQJWRWKHIDFW WKDW WKHUHVHDUFKKDVGHPRQVWUDWHGDUHGXFWLRQ
LQ WRWDOFRVWVRIXS WRSHU\HDUZLWKRXW LQYHVWPHQW7KLV
UHGXFWLRQLQFOXGHVWKHIXHOFRVWVFRQVXPHGRYHURQH\HDU
7KHKHDY\OLIWDUHDHYLGHQFHVWKUHHGLIIHUHQWLPSURYHPHQWVDOORIZKLFKLQFOXGH
IXHO ODERUDQGUXQQLQJFRVWV)LUVWO\E\FKDQJLQJIURPWKHFXUUHQW]RQHXS WR
WKH UDLOZD\]RQH WKH LPSURYHPHQWV UHGXFHGFRQVXPSWLRQE\ZKLFK
FRUUHVSRQGVWRD\HDUVHFRQGO\E\XVLQJWKHFXUUHQWDUHDDQGWKHROG
DFFHVVURDGWKHUHGXFWLRQZDVSHU\HDU¿QDOO\E\XVLQJWKH
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FXUUHQWDUHDDQGWKHQHZDFFHVVURDGWKHLPSURYHPHQWVUHGXFHGFRQVXPSWLRQE\
SHU\HDU
,QFRQFOXVLRQDOORI WKH LPSURYHPHQWVGHVFULEHGKHUHLQFRUUHVSRQG WR
VLJQLILFDQW UHGXFWLRQV LQ WHUPVRIFRVWVSDUWLFXODUO\ IXHOFRVWVZKLFKDUH
UHODWHGWRERWKODERUDQGUXQQLQJFRVWV7KHLPSOHPHQWDWLRQRIVPDOOFKDQJHV
KDVJUHDWSRWHQWLDOWRLPSURYHRSHUDWLRQVDWWKH&RQWDLQHU7HUPLQDOKRZHYHU
WKHSULQFLSDOFKDOOHQJHLVWRIRVWHUWRWDOLPSOHPHQWDWLRQDQGVXVWDLQDELOLW\E\
FKDQJLQJSHRSOH¶VEHKDYLRUVDQGXOWLPDWHO\WKHFXOWXUHLWVHOI
'DWHRI&RQWULEXWLRQ0D\
'DWHRI$FFHSWDQFH-XO\
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